In this report, we describe the processes used to synthesize MOF structures, the different classes of MOF materials and their physical properties, and make recommendations of MOF systems that warrant further evaluation for this project. To utilize these materials as sorbents, the MOF structure must first be "activated". insoluble in water, most organic solvents and can even retain their crystalline structure after treatment in strongly basic solutions. In certain MOFs, the organic linker of the framework can be modified through solution-based techniques without destruction of the crystal lattice. 6 In fact, MOFs have even been used as catalysis for both gas-and liquidphase chemical transformation. 7 Many MOF structures, however, are digested when treated with mild acid, especially those constructed from carboxylate SBUs. This digestion process may be useful in the recovery of guest analytes that adsorb strongly to the MOF framework.
Recommendations
As stated previously, over 4,000 different MOF structures have been reported in the literature. For the purposes of this report, we surveyed the literature and, based on the set of criteria described above, identified three classes of MOF materials that are viable candidates for this project: (1) traditional metal-carboxylate MOFs, (2) zeoliticimidazolate frameworks (ZIFs), and (3) covalent-organic frameworks (COFs). In the following sections, we provide details regarding each class of MOF and make recommendation for specific MOFs that should be investigated as part of this effort. The candidate systems, along with their physical properties, are listed in Table 1 . While a few MOF structures are available from commercial suppliers (4 MOF products manufactured by BASF and distributed by Aldrich), we believe the characteristics of these commercially available materials are not well suited for this particular project. 9 The copper atoms adjacent to the hexagonal channels contain axial water molecules that can be removed by heating the sample under vacuum, exposing the Cu sites in the MOF. Likewise, MOF-74 is a zinccarboxylate structure with a surface area of 800 m 2 /g, hexagonal channels with a diameter of 11 Å, and open Zn sites that can be exposed upon dehydration. 10 MOF-74 has been tested as a sorbent for harmful gases, such sulfur dioxide, chlorine, ammonia and benzene, and outperformed activated carbon both in terms of capacity and selectivity.
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The one caveat associated with this type of MOF is that the materials will have to be stored in an inert environment prior to use, as the open coordination sites will readily scavenge guest molecules (water, oxygen, etc) if exposed to ambient conditions. changes have been described as "breathing modes", in which the lattice distortions lead to significant changes in pore size. As an example, the 1-D diamond-shaped pores of MIL-53, a chromium-carboxylate MOF, undergoes significant and reversible dimensional changes (over 5 Å) during the hydration/dehydration process (Figure 7 ). This breathing process could potentially be exploited to selectively trap and release analytes in MOF frameworks. Finally, luminescent phosphors can be integrated into the MOF framework as a route to develop sorbents that can be sensors for particular analytes. 15 Recent work has demonstrated that lanthanide SBUs can be design so retain their luminescent properties within a crystalline lattice structure. Since the electronic transitions of these metals are sensitive to their local environment, changes in their emission spectra can be used to monitor binding of guest molecules to the MOF structure.
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